Results
Pellicle formation was observed with phase contrast microscopy as growing clusters of zygotic cells. Solitary zygotic cells swam actively until up to 2 hr after gamete mixing (Fig. 1A) . At 2.5 hr, small aggregations of zygotic cells were observed for the first time (Fig. 1B) . These aggregations continued growing until 3 hr after gamete mixing (Fig. 1C) . This was quantified by subtracting the number of non-aggregated cells from the total number of zygotic cells per ml medium. The results of these observations determined that pellicles were formed synchronously between 2.5 and 3.5 hr after mating (Fig. 1D) .
Inhibitor treatment with four antibiotics was perfomred, to clarify whether the transcription/ translation necessary for pellicle formation occurred in the cytoplasm or organelles (i.e. plastids and mitochondria). Inhibitors of organelle transcription (rifampicin) and translation (chloramphenicol) given at the gametic stage had no effect on pellicle formation. On the other hand, inhibitors of cytoplasm transcription (actinomycin D) and translation (cycloheximide) completely inhibited pellicle formation (Table 1) . This indicates that pellicle formation requires de novo transcription and translation in the cytoplasm after gamete mixing.
To estimate when this transcription and translation occurs, the inhibitors were given at various times after mating. Actinomycin D completely inhibited pellicle formation when it was given 5 min after mating, but partial pellicle formation occurred when this inhibitor was given 10 min after mating. Actinomycin D had no effect on pellicle formation when it was given 20 min or more after mating (Fig. 2) . This suggests that the minimum transcription period for pellicle formation is from 10 to 20 min after gamete mixing.
Cycloheximide administered up to 1 hr after mixing resulted in complete inhibition. However, A B c D Inhibitors were given to gametes 30 min before mating, and observed at 8 hr after mating. Relative percentages against the control values are shown. * The same concentrations given with chloramphenicol and rifampicin as a solvent of the stock solutions, respectiely. the addition of cycloheximide 2 hr or more after mixing had no effect on pellicle formation. These results suggest that translation occurs between 1 and 2 hr after mating.
Discussion
The results of this study reveal the periods required for pellicle formation and for mRNA and protein synthesis. They imply that pellicle-inducing protein(s) is (are) encoded by a zygote-specific gene, which initiates transcription within 10 min of mating. The Pellicle Formation Inducing gene might be one of the early zygote-specific genes identified in previous studies (Ferris and Goodenough 1987, Uchida et al. 1993) . Possible candidates are zsp-1 /class IV and zsp-2/class IV, which encode extensin-like zygote wall proteins (Woessner and Goodenough 1989) . On the other hand, the zygote specific class V gene, which is suspected of encoding cysteine-rich zygotic wall protein, can be removed from the list of candidates because this gene is expressed 90 min after mating (Matters and Goodenough 1992) .
However, no specific gene was identified to cause adhesion of zygotic cells, and proteins unrelated to adhesion are probably found in the zygote wall. The characteristics of pellicle-inducing factor, as distinguish from non-pellicle wall proteins, are well illustrated by this and previous studies of the zygote cell wall and pellicle. Electron microscopic observations (Cavalier-Smith 1976 , Grief et al. 1987 , Minami and Goodenough 1978 suggest that adhesion of zygotic cells results from interaction between the pellicle material layer, the outermost layer of the zygote-specific cell wall, and the zygotic extracellular matrix, which consists of a complex of 4-8 layers formed successively from the outermost layer in. Hence, the product(s) of the Pellicle Formation Inducing gene is (are) expected to be localized to the outermost layer of the extracellular matrix protein(s) during the pellicle formation period 2.5-3.5 hr after mating, although the pellicle inducing protein is synthesized before the pellicle formation period, between 1 and 2 hr after mating. It is suspected that the pellicle inducing protein is either not localized in the pellicle material layer, or is localized in an adhesioninactivated from, before the pellicle formation period. Further searches for the pellicle inducing gene are now in progress. 
Summary
The pellicle, filmy aggregate of zygotic cells formed in the green alga Chlamydomonas reinhardtii, was characterized as a model of inter-cellular adhesion. Pellicle formation was observed following treatment with inhibitors of transcription and translation in the gamate and at various times after mating. The pellicle forms between 2.5 and 3.5 hr after gamete mixing and is sensitive to cytoplasmic inhibitors of transcription and translation, when they are mixed with gametes or zygotes soon after mating. This indicates that the pellicle formation related gene(s) is (are) one of the early zygote-specific genes, and that transcription occurs within the first 20 min after gamete mixing. The protein(s) required for pellicle formation is (are) synthesized predominantly between 1 and 2 hr after mating, just before pellicle formation.
